Abstract. We investigated food availability for a long-distance migrant species, the American Redstart (Setophaga ruticilla), in both its summer breeding habitat in New Hampshire and in its winter habitat in Jamaica. We used four components of foraging behavior (prey attack rate, foraging speed, time spent foraging, and foraging maneuver use) as indicators of the relative availability of prey in the two seasons.
INTRODUCTION
Food is often considered the resource most likely to limit bird populations (Lack 1966 , Wiens 1989 ) and has been implicated as an important limiting resource for passerine taxa as diverse as corvids (Hogstedt 1980 (Hogstedt , 1981 small, mainly insectivorous species. No direct method of estimating prey availability is free from potential biases (Cooper and Whitmore 1990) and these biases may be exacerbated when comparisons are made between seasons, habitats, and prey communities. Furthermore, insectivorous birds usually consume a variety of prey types, which often differ in motility, crypsis, size and palatability (Sherry 1984 , Holmes and Schultz 1988 , Hutto 1990 ). Prey availability is affected by all of these factors, as well as the overall abundance of prey items. Thus, no prey sampling or census method directly assesses the prey availability actually experienced by foraging birds (Wolda 1990 ).
An alternative way to obtain information on food availability is to examine how the birds themselves search for and capture food, because foraging behavior often reflects in predictable ways the types and abundances of available prey (Hutto 1990 In this study we examined the foraging behavior of the American Redstart, a long-distance migrant, paruline warbler, in its temperate breeding habitat in New Hampshire and in a tropical wintering area in Jamaica. We reasoned that if we found seasonal differences in redstart foraging behavior, we could identify periods of relatively low food availability by a conjunction of low attack rates, high foraging speed, greater time spent foraging, and low prey quality. While none of these behavioral parameters alone is a sufficiently reliable index of resource levels, when considered in concert they provide insight into differences in the relative availability of food resources between seasons. Each of our observations were assigned to one of five sampling periods, "early winter" (late October-early November) and "late winter" (March), and three summer periods, "prebreeding, " "incubation" (including the nest building and laying periods), and "nestling" periods. Data on summer males whose breeding status was not known were not included in analyses.
METHODS
To obtain foraging and time budget behavior sequences, we moved systematically through each study plot until we encountered a male redstart. We then followed that individual for as long as it remained in sight, and dictated a constant narrative of its movements, prey attacks, and other behaviors into a portable tape recorder. The recorded data on movements, prey-attacks, and other behaviors were later transcribed, using a stopwatch to measure the time between events.
Multiple observations of attack rates and foraging speeds from a single individual were averaged within sampling periods, so that each individual was represented in statistical comparisons of these parameters by only one mean value within each period. Individuals were often observed again in subsequent periods within a season, but no single individual was seen in both summer and winter. In both seasons, observations were obtained throughout the daylight hours, but were concentrated between 06:00-12:oo.
Attack rate. The rate at which redstarts attacked prey was determined for each observational sequence by dividing the number of prey attacks by the amount of time spent actively moving about in search of prey. We defined a "prey attack" as a directed movement towards a potential prey item (i.e., one of the five foraging maneuver classes defined below). Observational sequences during which fewer than two attacks took place were not included in attack rate calculations.
Foragingspeed. Movements made by redstarts
while searching for prey were classified into three categories following Holmes (1982, 1984) : hops, short flights (I 1 m), and long flights (> 1 m). The rates (number/min foraging) ofeach of these three categories were summed to determine the total rate of movement while foraging, which we define as "foraging speed."
Foraging time. The amount of observation time allocated to foraging was estimated for each individual by recording the predominant activity during successive five second intervals within each observation sequence. This short, standardized sampling interval was necessary because redstarts rapidly switched between behaviors, and we wished to avoid making subjective judgments about exactly when a given behavior began or ended (Tyler 1979 ). Redstarts were considered to be foraging if they were actively moving about in search of prey. Non-foraging activities included stationary singing, aggressive or courtship behavior, preening, and stationary vigilance. Seasonal differences in the conspicuousness of male redstart behaviors such as singing may have influenced the detectability of the individuals we studied. We avoided biasing our samples towards conspicuous behaviors by following individual males for as long as possible, and by observing the behavior of many different male redstarts. Note, however, that although we sampled time budgets across the daylight period in both seasons, our total observation time was short relative to the total time available for redstart activity, and thus our time budget figures should be considered as approximations of redstart time allocation.
Foraging maneuvers. Prey-attack maneuvers were classified into five categories after Remsen and Robinson (1990): (1) gleans (attacks from a stationary or hopping position directed towards stationary prey items); (2) sally-hovers (attacks from a hovering position directed towards stationary prey items); (3) sally-strikes (attacks from a flying position directed towards stationary prey items, without a hovering pause); (4) sallies (flights from a perch to attack flying prey items); and (5) flutter-chases (flying attacks directed towards a flying or falling prey item which has been flushed or dislodged). As an analysis of the frequencies of transitions between maneuvers showed that there was little sequential dependence among the maneuver types recorded within a single observational sequence (Lovette, unpubl. data), we pooled all the maneuvers we observed within each sampling period.
Comparisons of attack rates, foraging speeds, and foraging time among sampling periods and between seasons were made using analysis of variance (ANOVA) and multivariate analysis of variance procedures (MANOVA; SAS 1987). Where a single degree of freedom is indicated in comparisons of summer and winter data, the analyses were performed after the observations within each season were pooled. Foraging time frequency data were arcsine transformed before analysis. Differences in foraging maneuver use were tested by chi-square on the total counts of all maneuvers observed within each sampling period. For comparisons between seasons, we pooled within-season observations even though significant within-season variation existed in some cases (see below).
RESULTS
We quantified the attack rates, foraging speeds, time budgets, and foraging maneuver use of 33 male redstarts in summer and 58 male redstarts in winter.
PREYATTACKRATES
Within-season variation. In summer, foraging male redstarts attacked prey at a mean rate of about 5 attacks/minute (Fig. 1A) . There was no and 2.8 attacks/minute in late winter, after the onset of the dry season at our Jamaican site (Fig.  1A) . Between-season comparison. Although attack rates varied within the winter, they were lower in both winter periods than during any of the summer periods (Fig. 1A) . The pooled summer mean attack rate was significantly greater than both the early winter (F = 5.29, df = 1, P < 0.025) and the late winter (F = 19.40, df = 1, P < 0.00 1) attack rates. Overall, winter attack rates were about 60% of those in summer (Fig. IA) , suggesting that in winter, foraging redstarts encounter potential prey items at a considerably lower rate than they do in summer.
FORAGING SPEED
Within-season variation. Redstarts move rapidly while foraging, and their movement rates are high even compared with other Hubbard Brook warblers (Robinson and Holmes 1982) . In this study, we found that the foraging speed of male redstarts varied both within and between seasons. In summer, there was significant variation across breeding stages in hop (F = 4.05, df = 2, P < 0.027) and short flight (F = 6.16, df = 2, P < 0.005) rates, but not in long flight rates (F = 1.37, df = 2, P < 0.27). The overall foraging speed (which represents the sum of all three types of movement) roughly doubled during the nestling period relative to the earlier stages of the breeding cycle. This increase during the nestling period to the rapid pace of 20 movements/minute contributed to the significant variation in foraging speed we found among the summer breeding stages (F = 5.08, df = 2, P < 0.01; Fig. 1) .
In winter, movement rates were more consistent between the early and late winter sampling periods (Table 1 ). Short flight rates were significantly greater in early winter (F = 6.36, df = 1, P < 0.02), but rates of hops (F = 1.24, df = 1, P < 0.27), long flights (F = 1.16, df = 1, P < 0.29), and overall foraging speed (F = 3.70, df = 1, P > 0.05) did not differ between the two winter periods (Table 1) .
Between-season comparison. The foraging speeds of male redstarts in winter were similar to those of summer males feeding young, and were almost twice as fast as the foraging speeds of the earlier parts of the breeding season (Fig.  1B) . When the pooled summer stages were contrasted with the pooled winter stages, two of the four movement categories were significantly faster in winter: hop rates (F = 24.47, df = 1, P < 0.001) and total foraging speed (F = 9.37, df = 1, P < 0.005). Short flight (F = 1.37, df = 1, P > 0.25) and long flight rates (F = 0.3 1, df = 1, P > 0.58) did not differ between seasons. FORAGING TIME Within-season variation. In summer, male redstarts spent the least amount of time foraging during the incubation period (44%) and spent more time foraging both earlier in the season during the pre-nesting period (59%) and late in the season during the nestling period (65%). This variation among the summer periods approached statistical significance (F = 2.82, df = 2, P < 0.075). In winter, the amount of time spent foraging did not differ between the two sampling periods (F = 0.8 1, df = 1, P > 0.372). In winter, male redstarts searched for prey about 85% of the time (Fig. 1C) .
Between-season comparison. Male redstarts spent significantly more time foraging in winter than in summer (F = 65.94, df = 1, P < 0.001). Even when provisioning young, male redstarts spent only 65% of their time foraging, compared with about 85% in the winter (Fig. 1C) . Table 2 ). In summer, the proportional use of sallies differed the most between stages of the breeding cycle: sallies were common early in the season during the pre-nesting and incubation periods, when they represented 23% and 34%, respectively, of the maneuvers observed, but they were rare during the nestling period (8% of maneuvers observed). Similarly, attack maneuvers directed towards aerial prey (sallies and flutter-chases) were more frequent in the first two summer periods. The proportional use of foraging maneuvers found in the present study differ from those reported by Robinson and Holmes (1984) . These differences my stem from annual variation in the types of prey taken by breeding redstarts, or it may reflect differences in the classification of maneuvers between the two studies. In particular, we used an additional maneuver category (sallysnatches) not used by Robinson and Holmes (1984) , and we may have included in this category maneuvers that they would have lumped in their "flutter-chase" category.
In winter, attack maneuvers were more consistent, with no single type of maneuver showing a large shift in frequency between early and late winter (Table 2) .
Between-season comparison. The pooled summer maneuver frequencies differed significantly from those in winter (x2 = 54.9, df = 4, P < 0.01). Maneuvers directed at aerial prey were more frequent in winter (41%) than in summer (28%). These differences resulted from changes in the proportional use of three types of maneuvers: gleans were more common in summer than in winter, whereas sally-hovers and flutter-chases were more common in winter (Table 2) .
In both seasons, most prey items were too small to be visually identified in the field, and therefore we did not attempt to quantify the actual prey types captured. However, in summer we often observed redstarts consuming large prey such as lepidopteran larvae and adult tipulid flies, whereas in winter prey items were rarely observed (Lovette, pers. observ.). This difference is consistent with stomach content analyses from the two sites, which have indicated that redstarts consume small prey such as dipterans, hymenopterans, homopterans, and adult Lepidoptera in winter, and more large Diptera and larval Lepidoptera in summer (T. W. Sherry, unpubl. data). winter (Wiedenfeld 1992) . In this study, we found that although American Redstarts use a similar general foraging strategy in both seasons, there are differences between seasons in their attack rates, foraging speed, amount of time spent foraging, and types of prey consumed. This variation in redstart foraging behavior provides insights into differences in prey availability between summer and winter. Prey attack rates of male redstarts were significantly lower in winter than during any part of the breeding season. Although attack rates were low in winter, redstarts foraged at greater speeds and hence presumably searched more substrate per unit time than in the breeding season. By dividing the mean foraging speed by the mean attack rate for each sampling period, we estimated the number of foraging movements required for a bird to encounter a prey item in each season. This movement : attack ratio was highest in winter, intermediate during the nestling stage, and lowest in the early stages of the breeding season (Fig. 2) .
DISCUSSION
Both the low winter attack rate and the high winter movement : attack ratio implicate the winter as a period of relatively low prey availability for redstarts. Similarly, in a comparison of temperate and tropical guilds of insectivorous birds, Thiollay (1988) found that tropical birds had lower attack rates than did species foraging on similar types of prey at temperate latitudes, which he attributed to lower prey availability in the tropics. In contrast, Wiedenfeld (1992) found that Yellow Warblers had similar attack rates in their temperate breeding habitats and the tropical mangrove forests where they winter, suggesting that prey availability for this species may be more constant between seasons than it is for redstarts.
In summer, the movement rates of male redstarts appeared to vary in concert with the energetic demands imposed by feeding young, as male redstarts more than doubled their foraging speed after they began provisioning nestlings. Their winter foraging speed was similar to this rapid nestling-stage rate, a further suggestion that winter food resources may be low relative to demand.
Although time budget sample sizes were small, the data suggest that male redstarts devote more time to foraging in winter than in summer. This seasonal difference may stem in part from the time constraints of mate attraction, pairbond maintenance, and territoriality that are present in summer but not in winter; during the summer, male redstarts devoted much of their time to stationary singing, especially in the prenesting and nesting stages of the breeding season. Al-though redstarts engage in agonistic interactions in winter, they do not sing, but rather emit chipnotes while foraging (Holmes et al. 1989 ) and thus in winter relatively less time is devoted exclusively to territory maintenance.
Time budgets of insectivorous birds resident in the tropics indicate that these species may spend up to 95% of their time foraging (Ricklefs 197 1, Marcotullio and Gill 1985) . Insectivorous birds at temperate latitudes, however, seem to spend less time foraging, even while breeding. For example, adult juncos (Bunco phaeonotus) devote less than 75% of their time to foraging when feeding nestlings (Weathers and Sullivan 1989), and male Willow Flycatchers (Empidonax trailii) spend a proportion of their time during the breeding season "loafing" (Ettinger and Ring 1980). Redstarts appear to follow the time budget pattern of tropical residents while wintering in Jamaica, when they spend about 85% of the time foraging, and the temperate pattern while breeding, when the proportion of time they spend foraging ranges between 43% and 56%.
This inter-seasonal shift in time allocation probably reflects differences in the composition and/or availability of prey resources between the two seasons. The small flying insects taken more often during the winter (T. W. Sherry, unpubl. data) probably require more time to find and capture, and provide less energy per prey item than do the types of prey taken in the breeding season. Lepidopteran larvae and tipulid flies, the types of prey fed most frequently to redstart nestlings (Omland and Sherry 1994 ) are large prey items that are energy-rich relative to the smaller prey that predominate in the redstart' s winter diet.
Insects attacked in winter were flushed from their resting places on foliage more often than the insects attacked in summer. When foraging, male redstarts frequently use a characteristic "tailfanning" behavior that flashes brightly-colored patches of their plumage, which may flush prey items from hiding (Robinson and Holmes 1982). Although we did not quantify these "tail-fans," they appeared to be more common in winter when the "flutter-chase" maneuvers were more frequent. The "tail-fanning" behavior of foraging redstarts may thus be particularly advantageous in the winter when prey are relatively scarce, and when those most available are small flying prey which can be flushed by the rapid movement rates of foraging redstarts.
The four behavioral indices of food availability, taken together, suggest that redstarts face a reduced insect availability in winter relative to summer. However, male redstarts presumably have reduced energetic costs in winter relative to summer: in winter they are rarely exposed to temperatures below their thermoneutral zone, and they do not need to allocate resources to mate attraction or raising young. The increased daylength redstarts experience during the breeding season also increases the amount of time available for foraging. A more detailed knowledge of this between-season variation in energetic costs is needed to determine the fitness consequences of low winter food availability for redstarts.
This study was limited to only one habitat type in each season. However, the low winter food availability we inferred from these foraging behavior analyses is consistent with known redstart demographic patterns. In winter, habitats vary in suitability for redstarts, as indicated by differences in densities, age and sex composition, and overwinter survival between habitats (Holmes et al. 1989, Sherry and Holmes, in press b). Removal experiments have shown that redstarts compete strongly for winter territories in preferred habitats such as the mangrove forest site where this study was conducted (Marra et al. 1993). However, further information on the factors influencing the overwinter survival of redstarts is required to evaluate whether the low winter resource levels reported here have demographic consequences for American Redstarts and other Neotropical migrants.
